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Cover: Moiré pattern, formed with X-rays, of a silver fabric folded so 
that the wires in two perpendicular directions were nearly parallel. Dur- 
ing an NBS survey of techniques for studying microstructure, it was 


found that moiré patterns formed in an X-ray microscope by structures 
which act as crossed diffraction gratings may reveal structural detail 
below the projection imaging power of the instrument. (See p. 160.) 
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HYDROGEN ROLE STUDIED 


[YDROGEN and deuterium, a heavy isotope of hydro- 
ge, were introduced electrolytically into steel at NBS 
to study the effect of such gases on the plastic properties 
of steel and to study their permeability through steel.’ 
‘sults obtained by Gwendolyn B. Wood showed no 
simple correlation between gas content and the magni- 
tude of embrittlement; however, decreases in strength 
iracteristics and ductility of some specimens could 
be related to small increases in the gas present. This 
work, of particular interest to metallurgists and engi- 
neers, provides a better understanding of the role 
played by gases in metals. 

Steel embrittlement caused by hydrogen absorption 
during finishing processes such as pickling, welding, 
or electroplating has been known for some time, but 
the role that hydrogen plays in this embrittlement is 
not well understood. It has been proposed that hydro- 
gen embrittlement results from the redistribution of 
hydrogen from a uniform to a nonuniform state within 
the steel during stressing, and that hydrogen contributes 
to the energy required for the growth of cracks. 
Neither the mechanism by which hydrogen enters steel 
nor the state of hydrogen (whether it is bound or free) 
in steel at embrittlement temperatures has been firmly 
established. The present investigation, supported 
jointly by the National Advisory Committee for Aero- 
nautics, the U.S. Air Force, and the Bureau, was there- 
fore undertaken to develop basic data on_ these 
phenomena. 


Specimen Preparation 


Since high-strength steels are known to be particu- 
larly suse eptible to embrittlement, SAE 4130 seamless 
steel tubing was chosen as the specimen material. It 
was obtained from a commercial source, cut into 10-cm 
lengths, cleaned, heat treated, checked for uniformity, 
polished, and oiled. Two axial 60-deg notches cut 0.013 
cm deep were ground opposite eac ‘h other throughout 
‘he length of the outer surface of the tubing, which was 





in steel embrittlement 


then cut into 0.9 cm lengths, forming notched rings 2.5 
cm in diameter with a wall thickness of 0.08 cm. 

Preliminary work, undertaken to determine the 
amount of metallurgical or extraneous hydrogen pres- 
ent in steel specimens before electrolytic charging or 
plating, showed considerable variation in hydroge n 
content. The deuterium isotope of hydrogen was there- 
fore used in most of the experiments to differentiate 
between extraneous hydrogen and gas electrolytically 
introduced. 


Experimental Procedures and Results 


Two different methods were used to introduce gas 
into the specimens. In one, the prepared ring was im- 
mersed in an electrolyte of either sodium hydroxide 
solution or sulfuric acid solution. Electrolytic cells, 
consisting of a vessel containing an electrolyte, a plat- 
inum outer ring, and an inner rod of the same material, 
were used to charge the specimens. The ring and the 
rod served as anodes while the steel ring specimens, 
concentric to the two anodes, served as the cathode. 
This arrangement provided even charging on the inner 
and outer surfaces of the specimens. Various current 
densities as well as various charging times were used 
in these experiments. Significant amounts of hydrogen 
were absorbed, although no coatings formed on speci- 
mens charged by this method. 

It was found that electrolytic hydrogen diffused rap- 
idly from unplated specimens at room temperatures, but 
remained in steel at liquid nitrogen temperatures. 
Hence, after charging, the rings were either analyzed 
for strength and gas content immediately or placed in 
liquid nitrogen for later analysis. 

The second method chosen for the experiments in- 
volved codeposition of a metal and hydrogen or deu- 
terium atoms on steel ring specimens. In this process, 
rings were electroplated with coatings of cadmium, 
chromium, copper, or nickel. The electrolytic cells em- 





Electrolytic cells similar to this one were used to charge steel ring specimens for hydrogen embrittlement studies. 
Plastic container (left) is fitted with a cadmium-plated hollow tube that serves as the central anode. 
flows in the upper fitting at the left into the central anode and out through the bottom left fitting. 

plied through the screw extending from the right of the container. 
then a cadmium anode fitted with an electric lead, and (extreme right) the steel cathode ring specimen with electric 


lead. 
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A linear relationship between electrolytic gas 
content in steels and the square root of the 
plating time obtained in NBS hydrogen em- 
brittlement studies. 





ployed were similar to those discussed above for charg- 
ing the specimens; however, the anodes and the elec- 
trolyte in the cell depended on the coating material. 
Again, various current densities were used. 
Preliminary tests showed that metallic coatings acted 
as a barrier to the exit of the electrolytic hydrogen 
species. Plated specimens could therefore be held at 
room temperature before further analysis, but to retard 
the diffusion of hydrogen throughout the steel during 
storage, the specimens were held at liquid nitrogen 
temperature. In some instances, nonaqueous media 
were utilized in the charging process. Specimens thus 
charged with hydrogen became embrittled, as did speci- 
mens charged from aqueous solutions. During the first 
15 min of copper and cadmium plating, the amount 
of gas absorbed by a specimen was found to be roughly 
proportional to the square root of the plating time. 
For both charging and electroplating experiments in 
which deuterium was used as the gas. a large enclosed 
system was devised to provide an inert atmosphere free 
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Embrittlement of steels increases most markedly during 
the first few minutes of electroplating. Here this in- 
crease in embrittlement is shown as percent decrease in 
load and deformation on steels plated with copper, cad- 
mium, and chromium, 


from moisture (H.O) to prevent contamination of the 
heavy water used as solvent in the electrolytic medium. 
Specimens were cleaned and plated within the closed 
system, then analyzed for deuterium content in a high- 
vacuum system. These studies showed no isotopic ex- 
change between metallurgically introduced hydrogen 
and electrolytically introduced deuterium, thus indi- 
cating that hydrogen introduced during steel manufac- 
ture is more tightly held than is electrolytically intro- 
duced hydrogen. Under these carefuily controlled 
conditions, it was established that deuterium embrittles 
steel. 
Embrittlement Studies 


Strength and ductility measurements were made with 
a device incorporating a press, a commercial weight 


NBS Technical News Bulletin 





anal 
fusi 
spec 
duce 
5> 
at I 
aljoy 
by « 
the 
\ 
colle 
amo 
of g 
This 
fas ( 
inty 
In 
ment 
relea 
steel. 
ine oO! 
ment 
gas i 
that 
and 
stant 
Ot 
men 
of de 
sorbs 
unde 





Fu 
ment 


Septe 





ns 
n- 


d- 


he 


ed 
xh- 
PX- 
ren 
di- 
ac- 
ro- 
led 
les 


vith 
ght 


letin 


s ie, and a dial micrometer. Deformation and load- 
c: shing reproducibility were determined by position- 
in uncharged steel ring specimens in the press in such a 
ner that stressing caused fracture at the notches. 
degree of stress could be read from 0 to 660 kg with 
accuracy of 0.11 kg; deformation was measured 
h the dial micrometer. Embrittlement values were 


V 

o tained by stressing the rings at a constant rate to 
f. ure and determining the differences between break- 
ir» loads and distances of deformation at breaking 
{. charged and uncharged specimens. Measurements 


the load to failure were found to be twice as repro- 
lucible as were deformation measurements, although 


the latter were more sensitive. 
Charged specimens were then crushed to determine 
the effect of hydrogen or deuterium content on the 


P 


trength characteristics of steel. The magnitude of em- 
brittlement of a specimen was found to depend upon the 
plating material, current density, electrolyte, tempera- 
ture, the presence of “poisons” (substances that alter 
chemical reactions at the cathode), and possibly upon 
the diffusion rate of hydrogen or deuterium. 


Gas Content Analysis 


After charged specimens were crushed, they were 
analyzed for hydrogen or deuterium content. A tin 
fusion method was chosen for extracting gases from the 
specimens. In this procedure, the rings were intro- 
duced into a high-vacuum system (approximately 
510 mm Hg) and were dropped into molten tin 
at 1060 °C. Gases liberated from the melted steel as it 
alloyed with the tin were pumped into a collection area 
by a mercury diffusion pump and then isolated from 
the furnace assembly. 

\ Bureau-designed gas microburet attached to the gas 
collection area was used to meter a_ predetermined 
amount of argon into the collected gases. This mixture 
of gases was then analyzed by a mass spectrograph. 
This method of analysis is unique for determining the 
gas content of metals because only the pressure of argon 
introduced into the system must be measured. 

In one phase of the embrittlement work, measure- 
nents were made to determine the amount of hydrogen 
released during actual deformation and fracture of the 
steel. A specially designed deformation apparatus was 
incorporated into the vacuum system for these measure- 
ments. Results showed that an insignificant amount of 
gas is released from a crack during stressing. Proposals 
that large amounts of gases migrate to voids in the steel 
and escape during fracture are therefore not sub- 
stantiated, 

Other tests showed that hydrogen causes a steel speci- 
men to become more brittle than does the same volume 
of deuterium. It was also found that a specimen ab- 
sorbs more deuterium than hydrogen per unit time 
under the same charging conditions. 


Additional Findings 


Further investigations indicated that the embrittle- 
ment of a specimen does not increase linearly with time 
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Apparatus used to measure strength and ductility of steel 
ring specimens in hydrogen embrittlement studies. In 
this device a motor-driven screw press constantly deforms 
and crushes a steel ring specimen like the one shown on 
the platform of the commercial scale. The magnitude 
of deformation is measured by a dial micrometer. 





of plating; instead, a maximum embrittlement is ap- 
proached. This maximum can, however, be exceeded 
by increases in current density and changes in other 
variables. A simple relation between the degree of em- 
brittlement and the total electrolytic gas content of 
plated steel specimens was not found. 

The variation between the actions of hydrogen- and 
deuterium-embrittled steel is thought to be caused by 
differences in physical and chemical properties of these 
isotopes. In general, it has been found that metals 
which readily form hydrides have different chemical 
aflinities for hydrogen and deuterium, and that deu- 
terium causes more shrinkage of the metal lattice than 
does hydrogen. Similar differences can be expected 
for hydrogen and deuterium in steel even though the 
solubility of either gas is small in the body-centered 
cubic lattice of iron. Such differences help to explain 
the variation in embrittlement caused by the two hydro- 
gen isotopes. 


' For further technical details, see A study of embrittle- 
ment of high strength steels by the hydrogen isotopes; 
Part |, Testing of steel rings as specimens, the dem- 
onstration of deuterium embrittlement, and permeation 
studies, by Gwendolyn B. Wood, J. Electrochem. Soc. 
110, 867 (1963); Part Il, A comparison of gas content 
and hydrogen or deuterium embrittlement resulting from 
electroplating processes, by Gwendolyn B. Wood, J. 
Electrochem. Soc. 110, 877 (1963). 
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A diffuse light passing through two superposed gratings of different pitch formed the moiré pattern in the center. 
Left and right show patterns obtained from each of the individual gratings. 


X-rays have been used to form moiré patterns from 
structures that act as crossed diffraction gratings. The 
patterns were obtained during an NBS survey of meth- 
ods for studying microstructure. The survey, con- 
ducted by S. B. Newman,' indicates that moiré patterns 
produced in an X-ray microscope may elucidate struc- 
ture below the projection imaging power of the instru- 
ment. The patterns may also be of value in mensural 
problems involving any opaque specimen that contains 
regular elements having dimensions or repeated dis- 
tances in the micron or millimicron range. 


bar-and-slit gratings of different pitch are held between 
the eye and a diffuse source of light. Rayleigh prob- 
ably was the first to record observations on a simple 
arrangement for producing moiré fringes and to indi- 
cate the relations among the spacing and mutual in- 
clination of the gratings and the spacing of the parallel 
bars observed. 

In recent years, moiré fringes have been studied in- 
tensively at the National Physical Laboratory in Eng- 
land as part of a diffraction grating development pro- 
gram. The fringes are used to test the fidelity of the 


Moire Patterns 
Formed with X-Rays 


In general, moiré patterns are formed when two ma- 
terials having periodic structures are overlapped. They 
are best known from moiré, or watered, silk, which is 
made by a process involving slightly misalined over- 
lapping of two corded fabrics. Dr. Newman demon- 
strated the practicablility of forming moiré patterns 
with X-rays by ‘comparing patterns obtained from 
various coarse gratings in a point-projection X-ray 
microscope with those produced from the same gratings 
by light. He also obtained moiré patterns from a group 
of fibers whose structures had been investigated nu- 
merous times by other methods. 

The simplest and most familiar formation of moiré 
fringes can be observed when two parallel, fairly coarse, 


replica technique for making inexpensive diffraction 
gratings for optical monochromators. Electron micro- 
scopists have utilized the fringes in determining crystal 
lattice parameters. In these studies, overlapping thin 
crystals acted as the gratings. Until now, however, 
moiré fringes produced by X-rays do not appear to have 
been noted or utilized in X-ray optics. 

The Bureau’s studies of moiré patterns formed with 
X-rays were made using electromagnetic microfocus 
tubes. An instrument having only an objective lens 
was used in the early work. Subsequent examinations 
were made with a commercially produced, two-lens 
X-ray microscope. Both instruments were fitted with 
copper and aluminum targets and were operated at 
about 15 kv and at not more than 20 microamperes. 


Two gratings of equal pitch (that individually form patterns at right and left) were overlapped but slightly mis- 
alined by rotation to give the moiré pattern at the center under diffuse light. 


160 





%Y 


SN 


NBS Technical News Bulletin 





di 
th 
de 


iF 
silve 
in tl 
whit 
itsel 
were 
light 
patte 
was 
focu 
frins 
eithe 
the ; 
diffe 
the | 
was 
the ; 
sion: 
Tl 
inch 
in cc 
play 
natu 
of m 
ture 
corr 
thre: 
these 
micr 
fiber 
resol 
micr 
wind 
as 21 
Ay 
cons 
woul 
inhe 
be d 
basic 


— 


po 
me 


Septe 





A cent NBS study has shown that moiré patterns pro- 
dv ed in an X- -ray microscope may reveal structure below 
th projection imaging power of the instrument. To 
de sonstrate the practicability of forming these patterns, 
Ss. .:. Newman compared patterns obtained with light, the 
lic «t microscope, and the X-ray microscope using the 
sue gratings. 


7 Low-power light microscope was used to form moiré 
peitern of fabric onto which silver had been deposited 
el ctrolytically. The fabric, which contained 1000 wires 
per inch, was folded so that wires in both directions were 
nearly parallel. 


Ceoter: Moiré pattern formed by projecting image of 
silver fabric in top illustration obtained when fabric was 
placed short distance from target of a microfocus tube 
and the projected image was photographed. 


Observations of Moiré Patterns 


in addition to the coarse gratings, a fabric onto which 
Lf silver had been deposited electrolytically was observed 
in the point-projection X-ray microscope. The fabric, 

- which contained 1000 wires per inch, was folded onto 
| itself so that the wires in two perpendicular directions 


)- were nearly parallel. When examined with a low-power 
e light microscope, this grating system produced a moiré 


pattern of broad crossed bars. When the folded fabric 
was placed a short distance from the target of a micro- 
focus tube and the projected image photographed, broad 
fringes again appeared. The pattern was visible using 
either copper or aluminum targets, but the contrast in 
the radiograph was higher with the aluminum. Small 
differences appeared between the patterns obtained in 
the light and in the X-ray microscopes because the mesh 


" was displaced while being transferred for recording of 
ie the second image, but the general outlines and dimen- 
a sions of the fringes were quite similar. 
= The fibers from which radiomicrographs were made 
7. included many specimens of tula istlé, a leaf fiber used 
si in cordage. These specimens formed patterns that dis- 
played transverse banding of a surprisingly regular 
th nature; these patterns were concluded to be a system 
- of moiré fringes. Prior studies of the cell wall struc- 
oa ture of higher plants demonstrate that the only elements 
a correlative with these parallel bands are fibrillate 
mn threads that form one layer of the cell wall. Some of 
th these threads are spiral windings, a few tenths of 
at micron in diameter, which make a steep angle with the 


fiber axis. Since the windings could not be directly 

resolved by either the light microscope or the X-ray 

microscope, windings in opposite sides of fibers or 
windings on adjacent fibers presumably were acting 
as gratings to produce the moiré effect. 

/, An alternative source of the bands could be gratings 
consisting of fibrillae parallel to the fiber axis, which 
would yield rotation moiré. Because of the variables 
inherent in such a grating system, however, it would 
be difficult to determine the importance of each of the 


j 
L 
L, basic patterns in the formation of the moiré pattern. 
Y 
J 
Y) 








Bottom: Moiré effect in radiomicrographs of tula istlé, a 
leaf fiber used in cordage, showing bands that appear to 
correspond to spiral windings forming one of the outer 


‘For further details, see Moiré fringes produced by a 
point projection X-ray microscope, by Sanford B. New- 
man, J. Res. NBS 67A (Phys. & Chem.), No. 2, layers of the cell wayy. 


2 These windings presumably act 
as a grating system. 


149-151 (1963). 
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Universal Ratio Sets Made Direct-Reading 


Sets 


\ method for modifying commercially available uni- 
versal ratio sets to permit their use as direct-reading 
ratio sets has been developed by David Ramaley and 
John F. Shafer of the Bureau’s Radio Standards Labo- 
ratory, Boulder. Colo. This modification is the. out- 
erowth of a series of seminars held at Boulder 
at which some of the participants were from standards 
laboratories equipped with universal ratio sets but not 
with direct-reading ratio sets. Therefore, Ramaley and 
Shafer devised a simple scheme whereby a few minor 
connections to the circuit of a universal ratio set. termi- 
nated in external binding posts. make the instrument 
suitable for use also as a direct-reading ratio set. thus 
prov iding the equivalent of two separate instruments 
ina single set. The direct-reading ratio set is especially 
well adapted to intercompare resistors closely adjusted 
to nominal values with a minimum of required compu- 
tation. 

The necessary modifications are shown in the dia- 
eram. The two stationary ends of the universal ratio 
set circuit are terminated binding posts A and B. 
The adjustable connection is through binding post C. 
If a direct-reading ratio set is desired for ratios of 1 to 1, 
5 to 1, and 10 to 1, leads from external binding posts B’ 


| ‘STANDARDS 


AND 


CALIBRATION 


for these ratios are connected as shown to the proper 
points in the 20-step dial switch circuit. If but or 
ratio is desired, only one lead and external binding 
post are required. The instrument is now usable as a 
five-dial direct-reading ratio set, with the adjustable 
arm between binding posts A and C and the fixed arm 
between the C post and the desired B’ post. The 20-step 
dial is set on step 9. 

If a four-dial direct-reading ratio set is desired a pre- 
cision 5-ohm resistor is conected to A and terminated 
in the binding post designated 4’. The adjustable arm 
will then be between A’ and C and the fixed arm as 
before between post C and the selected B’ post. The 
10-ohm-per-step decade dial switch should be set perma- 
nently on step 9. and need not be read when making 
measurements. This set is now comparable to a com- 
mercially manufactured four-dial direct-reading ratio 
set. These slight modifications in no way change an 
instrument for use as a universal ratio set. 


NCSL “Workshop” No. 7 


Some forty persons from industry and government 
met at George Washington University, Washington, 
D.C., on June 25 and 26 to discuss the evaluation, selec- 
tion. and training of measurement standards personnel. 
This, the 7th Standards Laboratory Management Work- 
shop of the National Conference of Standards Labora- 














Schematic diagram of 6-dial universal ratio set (URS) with provisions for converting 
URS to a direct reading ratio set with ratios of 1 to 1, 10 to 1, and 5 to 1. 
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tc ies, was chaired by A. J. Woodington of General 
D namics/Astronautics. 

‘lany aspects of the personnel problem were con- 
si ered, from selction of new employees to the evalua- 
tin of high-level management, and from training 
e: ployees in the philosophy and techniques of measure- 
mnt to the training of a customer in the use of a par- 
ti ular product. Various aids in the task of selection, 
training, and evaluation were described or demon- 
strated, including psychological and preference tests. 
av diovisual training aids, and programmed text books. 

The scope of the seminars can be appreciated from 
a listing of the various topics covered: Company educa- 
tion and training programs, instrument manufacturer’s 
training programs, programmed learning films and text- 
books, selection of new employees, evaluation of meas- 
urement personnel, professional and technician schools 
and their programs, and government-sponsored training 
programs. In addition, reports were given on the 
NCSL training survey, and on the activities of the 
measurement standards information center committee, 
headed by Lloyd Wilson of the Sperry Gyroscope Co. 
Edited (shortened) copies of the transcript of this 
seminar may be obtained by writing to A. J. Wood- 
ington, General Dynamics/Astronautics, P.O. Box 

1128, San Diego, Calif. 


Recent Publications 


Errors in pressure measurements made with the 
piston gage (also called dead weight gage, gage tester, 
dead weight tester, pressure balance, and piston ma- 
nometer) arise from failure to account for the param- 
eters of the instrument or environment, or from 
uncertainty as to the measured values of these param- 
eters. In NBS Monograph 65 (15¢), Reduction of 
Data for Piston Gage Pressure Measurements, J. 1. 
Cross discusses errors arising from uncertainties in such 
parameters as the mass of the loading weights and the 
effects of air buoyancy on the weights, fluid buoyancy 
on the piston, the value of local gravity, surface tension 
forces of the fluid, fluid heads, and others. The theory 
of these variables is explained and working equations, 
examples of calculations, and guides for compiling cor- 
rection tables are included. 


THE 1964 CoNnFERENCE on Precision Electromagnetic 
Measurements will be held June 16, 17, and 18, 1964, at 
Boulder, Colo. 


This conference is an outgrowth and continuation of pre- 
vious conferences which have been held since 1958 under 
slightly different names. As in the past, the Conference 

|| is sponsored by the NBS Radio Standards Laboratory, the 
|| Instrumentation Division of the Institute of Electrical and 
Electronics Engineers (IEEE), and the Professional Tech- 
nical Group on Instrumentation and Measurement of the 
IEEE. In addition to these three traditional sponsors, the 
1964 Conference is being sponsored by the United States 
Commission I, Radio Measurement Methods and Standards, 
of the International Scientific Radio Union. 
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1964 Secclidins Electromagnetic Measurements Cuidiiiuea 


The terms precision and accuracy are widely used by 
measurement and calibration personnel. Churchill 
Eisenhart, chief of the Bureau’s statistical engineering 
group, presents a detailed explanation of the meaning 
of these terms in “Realistic Evaluation of the Precision 
and Accuracy of Instrument Calibration Systems,” 
J. Res. NBS 67€ (Eng. and Instr.), Apr—June 1963 
To quote from the paper, “Measurement of some prop- 
erty of a thing is an operation that yields as an end 
result a number that indicates how much of the property 
the thing has. A particular measurement opera- 
tion cannot be regarded as constituting a measurement 
process unless statistical stability of the type known as a 
state of statistical control has been attained. In order 
to determine whether a particular measurement opera- 
tion is, or is not, in a state of statistical control it is 
necessary to be definite on what variations of procedure, 
apparatus, environmental conditions, observers, opera- 
tors, etc., are allowable in ‘repeated applications’ of 
what will be considered to be the same measurement 
process applied to the measurement of the same quantity 
under the same conditions. To be realistic, the ‘allow- 
able variations’ must be of sufficient scope to bracket 
the circumstances likely to be met in practice. 

“Ordinarily the accuracy of a measurement process 
may be characterized by giving (a) the standard devia- 
tion of the process and (b) credible bounds to its likely 
overall systematic error. Determination of credible 
bounds to the combined effect of recognized potential 
sources of systematic error always involves some arbi- 
trariness, not only in the placing of reasonable bounds 
on the systematic error likely to be contributed by each 
particular assignable cause, but also in the manner 
in which these individual contributions are combined. 
Consequently, the ‘inaccuracy’ of end results of measure- 
ment cannot be expressed by statistical ‘confidence 
limits’ corresponding to a definite numerical ‘confi- 
dence level,’ except in those rare instances in which 
the possible overall systematic error of a final result 
is negligible in comparison with its imprecision.” 

Single reprints of this paper can be obtained on re- 
quest from the Office of Technical Information, Na- 
tional Bureau of Standards, Washington, D.C., 20234. 


The basic aim of the Conference continues to be the 
advancement of measurement, throughout the coherent fre- 
quency spectrum, at the levels of precision and accuracy 
appropriate to the national standards laboratories of the 
world. It also seeks to encourage a close relationship be- 
tween persons in the standards laboratories and the physi- 
cists who are making the discoveries upon which further ac- 
curacy and precision of measurement are founded and thus 
to shorten the interval between discovery and application || 
in the field of precision measurements. Its scope ranges || 
from the traditional fields of low-frequency, high-frequency, 
and microwave measurements to physical studies which may _ | 
have application to future precision measurements or which 
may require new measurement standards. Participation in 
the Conference is worldwide. 





Determination of Nile 


ONE OF THE major efforts in contemporary physics 
research is the study of the atomic nucleus. In contrast 
to most areas of physics, the structure and forces in- 
volved in the description of the nucleus are not well 
known. One important characteristic of the nucleus, 
entering into almost all calculations of nuclear proper- 
ties, is the radius. 

In an effort to achieve a clearer understanding of the 
atomic nucleus, R. Schrack, J. Leiss, and S. Penner of 
the high energy radiation laboratory have measured 
the sizes of complex nuclei with a neutral meson 
photoproduction technique.' Experiments to date with 
carbon, aluminum, copper, cadmium, and lead indi- 
cate that this method provides a sensitive tool for the 
determination of nuclear size. 

All atomic nuclei, with the exception of hydrogen 1, 
consist of combinations of protons and neutrons. As- 
sociated with the proton is an electrical charge cloud; 
the neutron, as its name implies, is electrically neutral, 
and has no charge cloud. One method that has been 
used to determine nuclear sizes is that of electron scat- 
tering. However, as the charged electron is affected 
much more by the protons in the nucleus than by the 
neutrons, electron scattering techniques give an indica- 
tion of the electric charge distribution only and not of 
the total nuclear matter distribution. The use of neu- 
tral meson photoproduction to determine nuclear sizes 
is advantageous in that the photoproduction process 
is essentially identical for the proton and the neutron, 
thus providing a means of indicating the distribution 
of both of these particles. 





Top of page: Artist’s drawing of a spherical nucleus. The 
plus signs represent protons and the circles represent 
neutrons. With each particle is an associated cloud of 
mesons. The curve (below) shows the radial dependence 
of density of a nucleus, the solid line showing the nuclear 
matter and the dashed line the nuclear charge depend- 
ence. Right: Equipment described in schematic on p. 
165. The target disk can be seen in the center, and the 
rectangular counters to the sides. 


Photoproduction Mechanism 


Neutral mesons are produced when a photon of suffi- 
cient energy strikes a nucleus. The energy required fo: 
this process depends upon the weight of the atom being 
studied, and is about 135 Mev for atoms heavier than 
carbon. The neutral mesons produced by the X-ray 
decay in about 10-'* sec, producing two photons. De- 
termination of the angular distribution of these decay 
photons permits, through mathematical analysis, the 
determination of the distribution of nucleons in atomic 
nuclei. 


Experimental Arrangement 


In the Bureau experiments, neutral mesons are pro- 
duced by the impingement of X-rays from the NBS 
synchrotron on various target materials. The X-rays, 
which are not monochromatic, have a peak energy of 
170 Mev, and form a beam 2.5 in. in diameter. Target 
disks, 3 in. in diameter, are suspended in the X-ray 
beam. 

A portion of the photons produced by the decay of 
the neutral mesons is detected in coincidence by two 
scintillator-photomultiplier detectors. The counter 
position can be changed to allow measurements at 
various angles to the X-ray beam. The angular dis- 
tribution of neutral mesons is then inferred from the 
counting rates at various positions. 


Mathemaiical Treatment 


The analysis of the data is performed by comparing 
experimental results with data synthesized by a math- 
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e natical model. A computer is used to generate a pre- 
diction of experimental results based on an assumed 
theoretical model. The parameters in the model de- 
scribing the nucleon distribution are then varied to 
obtain the best fit. These synthesized results are pro- 
duced by Monte Carlo techniques using the coherent 
production model for neutral mesons. Fits are obtained 
for enough nuclear models to determine statistically 
which of the calculated fits to the experimental data is 
most valid. The results presented below are based on 
the assumption that the fundamental meson production 
cross section is not changed by the number of other 
nucleons nearby. The root-mean-square radius of the 
nuclear matter distribution of the respective nuclei is 
given in fermis (10-"* cm). The errors associated with 
the given radii arise from statistical variations only. 


rms radius (10° cm) 


NSA i sh ee ae ee ee ee 2.19+0.12 
PIRI es eh Sere er oe lene Darl ee 2.74+0.10 
CAO a Ee en el a fe ia ee 3.40+0.17 
MPN ose cha gk = ea ee 4.30+0.36 
Osea ee ee 5.18+0.27 


These values of rms radius are in close agreement 
with values determined by electron-scattering tech- 
niques.” If the values of the latter are adjusted to ex- 
clude the charge distribution of the proton—about 0.8 


RELATIVE COUNTING RATE, ARBITRARY UNITS 














Below: Experimental arrangement used to determine nu- 
clear sizes by neutral meson photoproduction measure- 
ments, X-rays having a peak energy of 170 Mev are 
beamed from the synchrotron through a target disk. Co- 
incident photons produced by the decay of neutral mesons 
resulting from the actions of X-rays on target are de- 
tected at counters €C.,.. These counters can be rotated 
about an axis passing through the target at right angles 
to the beam to determine the angular distribution of the 
decay photons. From these distributions the nuclear 
size of the target material can be calculated by computer. 
The intensity of the X-ray beam is determined by the 
ionization chamber at the left. 
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Above: Experimental data and best synthesis fits of angu- 
lar distributions of decay photons of neutral mesons 
from carbon, aluminum, copper, cadmium, and lead. 

Pe. The solid curves are the lowest x* fits for trapezoidal 
, } models when fit to the full angular distributions (except 
i for carbon and aluminum, where the points near 0 and 
¢——J : 180° were not included). The ordinate is logarithmic 
4 and successive curves are shifted vertically one decade 
for illustrative purposes. 
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Plot of rms radii versus the atomic weight to the one- 
third power. The solid circles represent the results of 
NBS neutral meson photoproduction measurements, and 
the open circles, through which the dashed line is drawn, 
represent the electric charge distribution as determined 
by electron-scattering techniques. The solid line repre- 
sents the rms radii of proton centers that is inferred from 
the charge distribution measurements. The triangles are 
obtained by increasing the NBS results by about 4 per- 
cent, and provide good agreement with the solid line. 


fermi—then agreement is within the margin of 4 per 
cent accuracy on the values imposed by lack of know 
edge of the meson photoproduction cross section fron 
individual nucleons. 

Indications are that changes in rms radius of as litt] 
as 5 percent can be detected with this technique. Ther: 
fore, a logical extension of this work would be th 
determination of the relative distribution of nucleon 
in various isotopes. Possible candidates for such ; 
comparison would be oxygen 16 and oxygen 18. If the 
two extra neutrons in O** mix homogeneously with th: 
rest of the nucleons, an increase in radius of 5 percen' 
would result. Electron-scattering measurements indi 
cate an increase in charge distribution radius of onl 
2.5 percent. The results of neutral meson measure 
ments, which would indicate the change in total matte: 
distribution, would thus be extremely interesting. 


See Neutral meson photoproduction from complex 
nuclei, by R. A. Schrack, J. E. Leiss, and S. Penner, 
Phys. Rev. 127, 1772 (Sept. 1, 1962). 

* R. Hofstader, Rev. Mod. Phys. 28, 214 (1956). 


Feasibility of measuring or compensating 


Drag on a Manned Satellite 


IT Is POSSIBLE that within one or two decades large 
zero-g space laboratories will be maintained in orbit 
around the earth. Scientific observers will conduct ex- 
periments in these orbiting laboratories for weeks or 
months at a time. Such space laboratories will permit, 
among other things, more accurate determination of 
fundamental constants, such as the gravitational con- 
stant G,1 which are difficult to determine on earth be- 
cause of its all-pervasive gravity field. 

The Bureau, working under contract to the National 
Aeronautics and Space Administration, has made a 
short study of the feasibility of developing a primitive 
zero-g laboratory. Such a first model, which would 
provide experience in design and operation, could be 
made by adapting a manned satellite similar to the 
Mercury or Gemini type. 

In particular, R. M. Langer and J. P. Vinti? have 
considered methods of measuring or compensating the 
atmospheric drag on such a satellite by means of opera- 
tions conducted within it. Because satellite drag de- 
pends on atmospheric density, drag determination 
could furnish a measurement of this density. Con- 
tinuous measurement of the drag would also serve to 
determine the time of passage through perigee, since 
the air density and thus the drag have their maximum 
values at that orbital position. These measurements 
would permit a more accurate determination of the 
orbital arc from ascending node to perigee, one of the 
quantities most used in evaluating the coefficients that 
determine the figure of the earth. 

The Bureau study shows that limiting values of the 
quantities to be measured permit design of both a 
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static, torsional system, which the astronaut could use 
to determine the drag, and a simple dynamical system. 
The dynamical system would consist simply of a small 
test object floating inside an evacuated and electro- 
magnetically shielded housing built around the center 
of mass of the capsule. Measurement of the drift of 
this object in a 5- or 10-sec interval would suffice to 
give an “instantaneous” measurement of the drag, and 
yet such an interval would be long enough to average 
out effects of the astronaut’s body motions, including 
his heartbeat. 

To recenter the test object, the astronaut would be 
provided with a system of external jets which he could 
operate before the object collided with its housing. 
This system of jets could be operated continuously or 
intermittently. In either case, as long as the test object 
remained near the center of mass of the capsule, the 
orbit observed from the earth would not differ appre- 
ciably from the orbit of the test object, which would 
be purely gravitational. Such a gravitational or drag- 
free orbit would have considerable advantages for geo- 
detic purposes, e.g., evaluation of the potential co- 
efficients that determine the sea-level figure of the earth. 
The study shows that it would be feasible to use jets 
of compressed air for a few revolutions; however, for 
longer operations, it would be necessary to use the 
micro-vernier chemical jets that are becoming available. 


‘ Such a determination of G was suggested by Dr. John 
O’Keefe of NASA in a private communication. 

* For further details, see Drag compensation and meas- 
urement with manned satellites: Feasibility study, by 
R. M. Langer and J. P. Vinti, J. Res. NBS 67C (Eng. 
& Instr.), No. 3, 247-249 (July-Sept. 1963). 
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Q} SCIENTISTS UNDER POSTDOCTORAL PROGRAM 


[WENTY young physicists, chemists, and mathema- 
ians have been appointed Postdoctoral Associates at 
Bureau for the coming year. In the ninth annual 
npetition, which was recently completed, the scien- 
{ts were selected from among 100 who expressed in- 
est in this unique opportunity for advanced research. 
The associates will conduct their research either in 
oratories on the Bureau’s Washington campus or at 
the Joint Institute for Laboratory As strophysic s at Boul- 
r,Colo. Each will be associated closely with a senior 
ahi of the scientific staff. 
The Postdoctoral Resident Research Associate pro- 
im, which is supported financially by the Bureau and 
ministered by the National Academy of Sciences- 
itional Research Council, gives promising young 
scientists an opportunity to receive further training 
through advanced research. Postdoctoral study in the 
United States has traditionally been done at a college 
or university. However, 8 years ago the Bureau in- 
stituted the first postdoctoral researc h program in Gov- 
ernment laboratories in cooperation with the National 
Research Council. ee sntly, several other scien- 
tific organizations in the Government instituted similar 
programs. 

Scientists in the postdoctoral program at NBS con- 
duct fundamental experimental and theoretical research 
under the guidance of their scientific advisers in many 
areas of basic importance in physics, chemistry, and 
mathematics. Studies such as these not only enlarge 
the fund of scientific knowledge and give additional 
training and development to highly capab le and prom- 
ising young scientists, but also bring about “cross- 
fertilization” of ideas. Both NBS and the organiza- 
tions with which the postdoctoral scientists ultimately 
associate receive the benefits of their experience and of 
their research accomplishments. Since its inaugura- 
tion, the NBS program has selected over one hundred 
postdoctoral associates. Although recruitment is not 
the objective of this program, over half of the associates 
have received further appointments as NBS staff mem- 
bers. 

Early in the fall each year the National Academy of 
Sciences announces the program to all universities 
which grant Ph. D. degrees in the physical sciences. 
The competition on which the awards are based is open 
to United States citizens who expect to have completed 
all the requirements for their doctoraie degrees by 
the time they are ready to begin their appointments. 
Candidates may apply directly to the Academy before 
February 1, and the awards are normally announced 
by March 15. The appointments are for one year 
with the possibility of extension for a second year. 
The awards provide the Postdoctoral Associates with 
a unique opportunity to work with their scientific ad- 
visers on problems of mutual interest and to devote 
themselves exclusively to their research. 

Postdoctoral Research Associates appointed for 
1963-64 are: 
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Water Braun, from New Hyde Park, N.Y., Ph. D. in chemis- 
try from Brooklyn Polytechnic Institute, who will study the 
reaction of an alkyl radical and carbon monoxide under Dr. J. 
Mc Nesby. 

Joun M. Crissman, from Evanston, Ill, Ph. D. in physics 
from Pennsylvania State University, who will study mechanical 
relaxation processes in polymers and how they are influenced 
by molecular processes under Dr. F. MeCrackin. 

Ricuarp A. Durst, from New Rochelle, N.Y., Ph. D. in chem- 
istry from Massachusetts Institute of Technology, who will 
study irreversible reduction of complex ions under Dr. J. K. 
Taylor. 

CiypE K. Epmiston, from Baltimore and Greeley, Colo., 
Ph. D. in chemistry from lowa State University, who will study 
most localized orbitals and their associated pair functions un- 
der Dr. M. Krauss. 

Lewis J. Ferrers, from Toledo, Ohio, Ph. D. chemistry 
from the University of Akron, who will study anionic poly- 
merization under Dr. L. Wall. 

Fred Gross, from Brooklyn, N.Y., Ph. D. in mathematics 
from the University of California at Los Angeles, who will study 
rates of growth of entire functions of several complex variables 
under Dr. M. Newman. 

Lowe.tt H. Hatt, Il, from Akron, Ohio, Ph. D. in chemistry 
from-Johns Hopkins University, who will make a single crystal 
X-ray crystallographic study of two new higher boron hydrides 
under Dr. S. Block. 

Daviv L. Hocensoom, from Pikesville. Ky., Ph. D. in physics 
from Pennsylvania State University, who will study develop- 
ment of improved measurement techniques for the study of the 
viscosity of liquids as a function of pressure and temperature 
under Dr. R. S. Marvin. 

ArtHUR Hyman, from New York, N.Y., Ph. D. in chemistry 
from Rutgers University, who will study X-ray determination 
of the radial distribution of ions in solutions containing two 
strongly scattering solute species under Dr. S. Block. 

WILLIAM Jackson, from Birmingham, Ala., Ph. D. in 
chemistry from Catholic University, who will study adsorption 
lifetime measurements under Dr. M. Scheer. 

Wittiam H. Kircunorr, from Chicago, Il., Ph. D. in chemis 
try from Harvard University, who will study microwave inves- 
tigations on HNSO and NSF under Dr. D. R. Lide, Jr. 

Joun E. Lacnese. from Pittsburgh, Pa., Ph. D. in mathe 
matics from the University of Maryland. who will study differen 
tial operators of the pure wave type under Dr. J. P. Vinti. 

PHropore FE. Mapey, from Wilmington, Del., Ph. D. in physics 
from University of Notre Dame, who will study field emission 
and field ion studies of clean molybdenum under Dr. Ralph 
Klein. 

Ronatp J. Miecu, from Milwaukee. Wis., Ph. D. in mathe- 
matics from the University of Illinois, who will study primes 
generated by a polynomial under Dr. M. Newman 

Rayvuonp D. Mounrvary, from Great Falls, Mont., Ph. D. in 
physics from Case Institute of Technology. who will study the 
irreversible approach to the steady state under Dr. M. S. Green. 

Raven D. Nentson, Jr.. from Newton, Mass.. Ph. D. from 
Princeton University, who will study fundamental vibration 
frequencies of some metal chelates under ee A. G. Maki. 

Paut Pryser, from Brooklyn, N.Y., Ph. in chemistry from 
Brooklyn Polytechnic Institute, who will am determination 
in polymer configuration at an interface under Dr. R. Stromberg. 

Mark SHARNOFF, from Cleveland, Ohio, Ph. D. in physics 
from Harvard University, who will study investigation by elec- 
tron paramagnetic resonance of the structure of coordination 
compounds under Dr. H. C. Allen, Jr. 

Winturope W. Suirn, from New York, N.Y., Ph. D. in physics 
from Massachusetts Institute of Technology, who will study 
optical pumping in the solar atmosphere under Dr. P. L. 
Bender. 

Joun T. Yates, from Winchester, Va., Ph. D. in chemistry 
from Massachusetts Institute of Technology, who will study 
interaction of free radicals in solid matrices under Dr. M. D. 
Scheer. 
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Frequency of Paper Strength Calibrations May Be Reduced 





THE Bureau and the American Paper and Pulp Asso- 
ciation (APPA)—Technical Association of the Pulp 
and Paper Industry (TAPPI) Reference Materials Com- 
mittee have recommended that in some instances the 
frequency of calibrating instruments employed for 
paper tearing strength tests ' be reduced from 12 to 4 
times a year. Arrangements have been made with 
the NBS Standard Sample Unit to make Standard Sam- 
ple No. 704? (the Standard Materials used for tearing 
strength calibrations) available on quarterly basis as 
well as on an individual and monthly basis. 

Standard Sample No. 704 has been issued monthly 
for the past 12 months by the Bureau in cooperation 
with APPA, TAPPI, and the Institute of Paper Chem- 
istry (IPC). From the results of an analysis based on 
the returns of a questionnaire issued with each stand- 
ard sample, the Committee has recommended that if 
the calibration results reported in any “initial” month 
are repeated within 114 percent in the three succeeding 
months, and if this situation consistently occurs for 
several initial months, then the frequency of calibration 
may safely be reduced to a quarterly basis. If not. 
calibration should be continued on a monthly basis un- 
til the cause for the lack of control is found. (The 
instruction for use of Standard Sample No. 704 con- 
tains a list of possible causes for lack of control.) — Fur- 
ther reduction in the frequency of calibration is pos- 
sible when, on three or more successive reports, results 
are repeated within 114 percent. However. the fre- 
quency should be increased whenever the 114 percent 
limit is reached. 

Results of the questionnaire showed that in addition 
to fluctuations from month to month, some laboratories 
had large variabilities among their measurements on 


geen . iin i es aa — 


Dr. Abner Brenner, Chief of the Electrolysis and Metal 
Deposition Section, has written a two-volume treatise en- 
|| titled Electrodeposition of Alloys, Principles and Practice 
|| (Academic Press, New York, Vol. I, $24.00; Vol. II, $22.50). 
Including the general, theoretical, and practicable aspects of 
alloy deposition, the treatise is the first of its kind in the 
field. It also contains an up-to-date and comprehensive 
treatment of alloy plating. 

The main objectives of Dr. Brenner’s book are to supply 
the practical plater with information for preparing and 
operating plating baths, and to provide the electrochemist. 
the researcher, and the student with a scientific presenta- 
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Bureau Electrochemist Writes Two-Volume Treatise 


|| tion of the facts and theory of alloy plating. A minor ob- 
| 


20 specimens tested in 1 month. The standard devi 
tion for measurements on individual specimens shoul: 
be less than about 0.6 g, which should be equivalent to 
a range of 3 g or less for 20 specimens. Large varia- 
tions within a month could explain the monthly fluctu: 
tions in some cases. 

During calibration, particular attention should be 
given to controlling and measuring relative humidit 
If a hair hygrometer is used in the humidity indicating 
equipment, relative humidity may vary three to five 
times as much as the record shows. 

Orders for the Reference Paper Tearing Test Stand- 
ard Samples should state clearly which shipment is de- 
sired and should indicate the months in which shipments 
are to be made in accordance with the following table: 


Quantity Shipment Charge 
1 Standard Sample No. 704_------- At OOetes asses $4 
1 Standard Samples No. 704_------- Oueriory =. 2222--. 16 
12 Standard Samples No. 704_------- Monty soo i 


Orders once entered must be firm, and the frequency 
of shipment cannot be changed. Purchase orders 
should be sent to the Standard Sample Unit, National 
Bureau of Standards, Washington, D.C., 20234. 


‘For further details see, Tearing strength standard for 
paper, NBS Tech. News Bull. 46, 72 (June 1962). 

“Standard samples are described in NBS Misc. Publ. 
241, Standard Materials. This publication may be or- 
dered for 30 cents from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C., 20402. Up-to-date supplementary inserts, which 
are issued periodically, are available upon request di- 
rectly from the National Bureau of Standards, Washing- 
ton, D.C., 20234. 








jective is to discuss certain topics of alloy plating that are 
not adequately treated in existing textbooks. 

The wealth of information contained in the book’s 42 
chapters is divided into three parts. The first covers the 
broad principles, procedures, and variables of plating, as 
well as the structure and properties of the deposit. The 
second part includes the theory of alloy plating with special 
emphasis on the role of diffusion, and with an objective 
treatment of the value of current density-potential rela- 
tions. The third and largest part deals with the specific 
details concerning the electrodeposition and properties of 
each alloy. 

— —— —— = 
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48th National Conference on Weights and Measures 


lHE 48th National Conference on Weights and Meas- 

's was held in Washington, D.C., June 10 to 14, 1963. 
( ver 400 delegates from 39 States, the Commonwealth 

Puerto Rico, and several foreign countries attended. 

The continuing theme of commodity packaging again 

1s prominent in the conference program. The Com- 
1 ittee on Laws and Regulations reported to the Con- 
ference that problems in standardization of package 
sizes “are nationwide and that uniformity in require- 

ents and enforcement can best be brought about by 
State and local jurisdictions with guidance from the 
National Bureau of Standards and cooperation with 
federal officials working with The National Conference 
on Weights and Measures.” 

The committee also called for the Food and Drug 
\dministration to promote uniformity in packaging 
and labeling by eliminating from their regulations such 
indefinite terms as “clear,” “conspicuous,” and “reason- 
able,” which are “difficult of interpretation and almost 
impossible of enforcement.” 

Lloyd Stouffer, editor of Modern Packaging Maga- 
zine, told the Conference of the industry’s reactions to 
“Truth in Packaging” legislation. 

In his address as President of the Conference, Dr. A. 
\. Astin, NBS Director, reviewed technical activities 
at the Bureau and gave a brief report on the progress 
being made at the Bureau’s new Gaithersburg, Md., 
location. 

Featured conference speakers were the Honorable 
J. Herbert Hollomon, Assistant Secretary of Commerce 
for Science and Technology; and the Honorable Jack 
\. Behrman, Assistant Secretary of Commerce for 
Domestic and International Business. Other Con- 
ference speakers, included Dr. Robert Lampman, 
Council of Economic Advisers; Mr. Carl H. Stender. 
South Carolina: Mr. W. S. Bussey, Assistant to 
NBS Director; Mr. William Gray, Chief Inspector, 


Weights and Measures Department, Leicester, England; 
Mr. L. Y. Ballentine, Commissioner, North Carolina 
Department of Agriculture; Dr. J. K. Taylor, Chief, 
NBS Applied Analytical Research Section; Dr. Josef 
Stulla-Gotz, Privy Councillor, Director of the Austrian 
Metrological Service and President of the International 
Committee of Legal Metrology; Dr. W. J. Youden, Con- 
sultant, NBS Applied Mathematics Division; Mr. M. 
W. Jensen, Chief, NBS Office of Weights and Measures: 
and Mr. C. L. Jackson, Chief, Division of Economic 
Practices, Wisconsin Department of Agriculture. 


The National Conference on Weights and Measures, 
which was organized in 1905, is sponsored by NBS. 
This year the Conference brought together weights and 
measures officials representing 38 States, the District 
of Columbia, and the Commonwealth of Puerto Rico, 
as well as representatives of business and industry. 
Model laws, specifications, tolerances, regulations, and 
enforcement practices are recommended by the Con- 
ference for adoption by various States, which have the 
legal responsibility of regulating commercial weigh- 
ing and measuring devices and of controlling commer- 
cial transactions involvi ing quantity. 

The Bureau, through its Office of Weights and Meas- 
ures, cooperates with the States in their endeavor by 
providing calibration of reference standards, calibrat- 
ing services, and a wide range of technical advisory 
programs. Thus the national | standards of length and 
mass, in the custody of the Bureau, are translated into 
everyday use. 

Officers elected by the Conference for the coming year 
include Chairman: D. M. Turnbull (Seattle, Wash.) 
Vice Chairman: B.S. Chichowicz (South Bend. Ind.) : 
W. C. Czaia (Minn.); A. H. Dittrich (N.H.): F. M. 
an (Los Angeles County, Calif.) ; Treasurer: 

. C. Morgan (Gary, Ind.) ; Chaplain: R. W. Searles 
( ieee ounty, Ohio). 


Foreign-Currency Scientific Program Supplements 


NBS Research 


SCIENTIFIC groups in underdeveloped countries work- 
ing under NBS contracts have shown that they can 
extend the research capabilities of the Bureau and 
American industrial and scientific interests in addition 
to raising technological levels abroad. 

This fact is one of the first conclusions to emerge 
from the Bureau’s new Foreign-Currency Program. In 
the year and one-half since the program was instituted, 
NBS has awarded 27 grants and contracts to support 
technical projects in India, Israel, and Pakistan. Ac- 
cording to Dr. Franz L. Alt, coordinator of the pro- 
gram, each grant or contract promises to contribute 
to one or more of the Bureau’s basic needs, such as 
more accurate standards of measurement; compilation 
and measurement of critical data or standard reference 
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data on physical constants and properties of materials; 
or improved methods for high precision measurement. 

Most of the projects were developed by scientists in 
the three foreign countries with the cooperation of their 
Bureau counterparts. Each proposal was accepted on 
the basis of its contribution to the Bureau’s mission, its 
general scientific merit, and its cost in relation to the 
funds presently available. 

Salaries for scientists and assistants, equipment, 
travel, and other costs of research can be provided by 
the grants. Funds for the  program—a total of 
$1,500,000 thus far—were appropriated under a special 
section of the Agricultural Trade Development and 
\ssistance Act of 1954. It is expected that grants 
and contracts will continue to be awarded as relevant 
proposals are received. 
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First Research Results 


In the short time since the program has been in 
effect. some substantial results have been obtained. 
Dr. G. M. J. Schmidt and his collaborators at the Weiz- 
mann Institute of Science. Rehovoth. Israel, have 
carried out precise measurements of the distance be- 
tween neighboring molecules in certain crystals. The 
specific substances studied. including cinnamic acid 
and aervlic acid. occur as building blocks in the for- 
mation of plastics and other polymers. The advar 
tage of studying the process of forming such polymers 
in crystals rather than the more common polymeriza- 
tion in solution lies in the fact that intra- and inter- 
molecular distances can thus be precisely determined. 
It turns out that different types of polymers are formed 
depending on the distance between certain atoms in 
two neighboring molecules—namely. double-bonded 
carbon atoms—and that no polymerization takes place 
at all if this distance is too large. The measurements 
by Dr. Schmidt and his associates of the intermolecular 
distances therefore add significant information to out 
knowledge of the molecular properties of these im- 
portant materials. 

Dr. J. H. Jaffe has made unusually precise measure- 
ments of infrared spectral lines. for which the Weiz- 
mann Institute of Rehovoth has particularly suitable 
equipment. He determines the width of lines, their 

“shape.” i.e.. variations in intensity across the width 
of the line. and minute shifts in frequency depending 
on pressure and temperature. In particular he has 
studied differences in line width due to the presence o| 
This sub- 
ject of line she apes and oe Is import ant in connection 
with the establishment of frequency standards for in- 
frared radiation. 

Professor G. Racah of the Hebrew University in 
Jerusalem has rendered material assistance to the Bu 


isotopic oxygen (O'>) in carbon monoxide. 


reau's long-standing program of obtaining and catalog- 
ing the atomic energy levels of the chemi al elements. 
Professor Racah and his coworkers have devised very 
efficient codes for using high-speed computers to find 
regularities in the frequencies of the spectral lines 
emitted by a given element. Such an analysis yields 
the energy levels from which the lines arise. Racah’s 
group has carried out an extensive program of fitting 


170 


U.S. Ambassador Walter P. MeConaughy (2d..from /e/ 
presents to Dr. I. H. Usmani, Chairman of the Pakists 1 
Atomic Energy Commission, a check for Rs. 108.77 
as a grant from the Bureau of Standards for resear« 1 
into theoretical atomic and nuclear physics in Pakista 
Dr. Fazley Bary Malik (right) is the recipient of tl 
grant and will conduct the research. Dr. John Tink« 
Science Attaché to the U.S. Embassy, is at left. 





the energy levels thus obtained for atoms to the qua 
tum mec unite al theory. Since a complex spectrum fi 

a single element contains thousands of lines and tl 
analysis yields hundreds of levels, the calculations in- 
volved are very extensive and even on modern con 
puters must be carried out with great efficiency. Tl 
elements whose spectra, have been treated by Racah 
«roup include cerium, zirconium, thulium, the platinu: 
croup. and thorium. 

Dr. M. Folman at the Technion (Israel Institute o{ 
Technology) in Haifa has been extending the work « 
NBS in surface che smistry under a project in whic 
optical techniques are used to determine the type o! 
bonding of adsorbed molecules with surfaces. Sin 
our knowledge of this entire field is still quite incon 
plete. Dr. Folman is limiting himself to materials from 
which clear information can be obtained. Specifically 
he has made precise measurements of the infrared 
spectrum of hydrocyanic acid adsorbed on appropriat 
substrates such as silica. Differences between thi 
spectrum and that of the gas phase indicate the types 
bonds to the surface which are present. This infor 
tion helps to broaden the Bureau’s own program it 
surface chemistry. 

Professor A. R. Verma of the Banaras Hindu Uni- 
versity at Varanasi ( Benares). India, has been measur- 
ing minute imperfections in crystals. which are known 
to be critically import int for the rate of crowth of crys- 
tals. He is studyi ing polytypes of silicon carbide. cad- 
mium iodide, and other polytypic substances by X-ray 
diffraction methods to obtain more precise measure- 
ments of the size of dislocations in crystals. 


A complete listing of investigations currently under- 
way includes: 


In India: 


High-temperature vapor pressures of refractory materials, T. 
M. Pillay. Indian Institute of Technology. Madras. 

Phase and amplitude contrast microscopy in partially coherent 
light, M. De, University College of Technology, Calcutta. 
Microwave absorption and molecular interaction, Krishnaji. 

University of Allahabad. 

Theoretical investigation of the dynamics and associated phys- 
ical properties of crystal lattices, Jagadishwar Mahanty, I 
dian Institute of Technology, Kanpur. 

The investigation of the decay of even-even nuclei in the medium 
weight region, P. N. Trehan, Punjab University, Chandigar! 
Dielectric properties of rutile structure and domain dynamics 
in ferroelectrics and ferromagnetics, V. G. Bhide, Institute of 

Science, Bombay. 

Propogation of electromagnetic waves in the earth, Janardan G 
Negi. Indian Institute of Technology, Kharagpur. West 
Bengal. 

End groups in high polymers, Santi R. Palit and Uma Shankar 

indi, Indian Association for the Cultivation of Science 
Jadavpur, Calcutta, 
rystal,zrowth and imperfections, A. R. Verma, Banaras Hin: 
University, Varanasi. 
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Ir ‘srael: 


| -time and line shape measurements of spectra of rare earth 
ns in crystals, W. Low and S. Yatsiv, The Hebrew University, 

rusalem. 

FE. luded volume study of multicomponent polyelectrolyte sys- 
ms, Henry Eisenberg, The Weizmann Institute of Sci- 
ce, Rehovoth. 

S, ution of boundary value problems on digital computers, 
hilip Rabinowitz, The Weizmann Institute of Science, Reho- 
ith. 

S: ,aration of optical isomers by gas-liquid partition chromo- 
graphy, E. Gil-Av, The Daniel Sieff Research Institute, The 

Veizmann Institute of Science, Rehovoth. 

C.i.culations in atomic spectra with special reference to rare 
irth spectra, Giulio Racah, The Hebrew University, Jeru- 
ilem. 

Molecular interactions in gaseous systems by means of studies 
f spectral line shapes and shifts, Joseph H. Jaffe, The Weiz- 
iann Institute of Science, Rehovoth. 

Theoretical and experimental studies in the Moessbauer effect, 

J. Lipkin, The Weizmann Institute of Science, Rehovoth. 

High magnetic field density, Peter Hillman, The Weizmann 
nstitute of Science, Rehovoth. 

\ statistical-mechanical study of conformational properties of 
polymer chains in solution, S. Lifson, The Weizmann Institute 
of Science, Rehovoth. 

Infrared studies of adsorbed molecules, M. Folman, The Tech- 
nion, Haifa. 

Solid state polymerization, G. M. I. Schmidt, The Weizmann 
Institute of Science, Rehovoth. 

Soil resistivity survey—Development of a new method of measur- 
ing electrical resistivity of soil, H. Tabor and J. Weiss, Na- 
tional Physical Laboratory, Jerusalem. 

Infrared emissivity measurements on heated gases, U. P. Op- 
penheim, Technion, Haifa. 

Isotopic dipole moment differences, D. A. Halevi, Technion, 
Haifa. 

Character tables of irreducible representations of non-sym- 
morphic space groups, J. Zak, Technion, Haifa. 


Studies in radioactivity and nuclear spectroscopy, S. G. Cohen, 
Hebrew University, Jerusalem. 

Temperature and viscosity dependence of photo-isomerization 
reactions, by E. Fischer, The Weizmann Institute of Science, 
Rehovoth. 


In Pakistan: 


Theoretical atomic and nuclear physics, 
Atomic Energy Commission, Karachi. 


F. B. Malik, Pakistan 


The — to participate in this program arises 
from the Agriculture Trade and Development Act of 
1954. which enabled many foreign countries to buy 
surplus U.S. agricultural products and pay for them 
in local currency rather than in dollars. 

As these foreign currencies accumulate, the United 
States can use them for a variety of purposes, but only 
in the country in which they originated. When these 
funds exceed the normal needs of ‘the U.S. Government, 
as has happened in a few countries, the Congress may 
authorize the use of some of the surplus for scientific 
purposes. This is why NBS has been limited to three 
countries, although the program may, in the future, 
be extended to a few others. 

This program complements the work normally con- 
ducted by the Bureau although most of the projects 
would not have top priority at this time. All of the 
studies, however, represent work that NBS should be 
doing and would ultimately have to do and pay for in 
dollars if foreign currencies were not available. Since 
this research can be conducted now, the Bureau gets 
the advantage of top level scientific research which 
meets timely and definite needs. 


NEW GEOMAGNETIC OBSERVATORY 


Recent.y Dr. J. Herbert Hollomon, Assistant Sec- 
retary of Commerce for Science and Technology, an- 
nounced the establishment of a geomagnetic observa- 
tory near Boulder, Colo. The new observatory is a 
joint venture of NBS and the Coast and Geodetic Sur- 
vey, and will be located on the NBS Table Mesa field 
station, north of Boulder. 

Scheduled for completion in October 1963, the new 
facility will be available in time to serve scientific 
projects during the International Year of the Quiet 
Sun, beginning on January 1, 1964. The International 
Year of the Quiet Sun is an international cooperative 
effort to extend the observations begun during the IGY 
into a period of minimum solar activity. 

In recent years, the need for more knowledge of the 
earth and the space around it has greatly increased. 
Earth physics—studied by the Coast and Geodetic Sur- 
vey—and_ atmospheric physics—studied by the Bu- 
reau’s Boulder Laboratories—make major contribu- 
tions to this search for knowledge. The magnetic data 
provided by the new laboratory will not only be used 
by scientists of the two Department of Commerce Bu- 
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reaus, but will also be made available to the scientific 
community, nationally and internationally. 

The Boulder Cooperative Magnetic Observatory will 
be the fourth in the contiguous United States. Others 
are located at Fredericksburg, Va., Tucson, Ariz., and 
Dallas, Tex. The Coast and Geodetic Survey will have 
prime responsibility for establishment and operation 
of the new station. and the Bureau will construct the 
facility. Both agencies will participate in the sci- 
entific program. 

At the Table Mesa site, a barrier will prevent any 
“magnetically unclean” object or equipment from ap- 
proaching closer than 1,000 ft. Three buildings will 
house the utilities and delicate instruments needed for 
the observatory. 

The cooperative program is expected to encourage 
a closer union between scientists of various disciplines, 
particularly since members of the scientific community 
engaged in geomagnetic research are invited to use 
the facilities, the “magnetically clean” area, and the 
collected data in connection with their own projects. 
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Publications of the National Bureau of Standards 


Periodicals 


Technical News Bulletin, Vol. 47, No. 8, August 1963. 15 cents. 
Annual subscription: $1.50; 75 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscription basis. 

CRPL lIonospheric Predictions for November 1963. Three 
months in advance. Number 8, issued August 1963. 15 
cents. Annual subscription: $1.50; 50 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscrip- 
tion basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year, 

Annual subscription: Domestic, $4; foreign, $4.75. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 

Section D. Radio Propagation. Issued six times a year. 
Annual subscription: Domestic, $4; foreign, $4.75. 


Current Issues of the Journal of Research 


Section C. Engineering and Instrumentation, Vol. 67C, No. 3, 

July-Sept. 1963. 

Apparatus for the detection of piezoelectric coupling. 
L. Frenkel. 

Large aperture interferometers with small beam dividers. 
J. B. Saunders. 

A far-infrared vacuum grating spectrometer. L. R. Blaine. 

Relation of emittance to other optical properties. J. C. 
Richmond. 

Minimization of the arrestment error in one-pan two-knife 
balance systems. A. Bowman and H. E. Almer. 

Determination of residual thiosulfate in processed film. 
C. I. Pope. 

Drag compensation and measurement with manned ‘satel- 
lites: feasibility study. R. M. Langer and J. P. Vinti. 
Surface flame propagation on cellulosic materials exposed to 

thermal radiation. D. Gross and J. J. Loftus. 
Parallel reversible permeability measurement techniques 


from 50 kc/s to 3 Gc/s. C. A. Hoer and R. D. Harrington. 


Section D. Radio Propagation, Vol. 67D, No. 5, Sept.—Oct. 
1963. 


Ionospheric VHF scattering near the magnetic equator dur- 
ing the International Geophysical Year.. R. Cohen and 
K. L. Bowles. 

Radio pulse propagation by a reflection process at the lower 
ionosphere. J.R. Johler. 

Field of a horizontal magnetic dipole in the presence of a 
magnetoplasma halfspace. G. Tyras, A. Ishimaru, and 
H. M. Swarm. 

Reflection of VLF radio waves from an inhomogeneous 
ionosphere. Part II. Perturbed exponential model. J. R. 
Wait and L. C. Walters. 

Collisional detachment and the formation of an ionospheric 
C region. E. T. Pierce. 

Magnetic torques and Coriolis effects on a magnetically 
suspended rotating sphere. J. C. Keith. 

Radiation field characteristics of lightning discharges in the 
band 1 kc/sto 100 ke/s. W.L. Taylor. 

Low-frequency radio propagation into a moderately rough 
sea. D. F. Winter. 

VLF superdirective loop arrays. E. W. Seeley. 

Curves of ground proximity loss for dipole antennas (a 
digest). L. E. Vogler and J. L. Noble. 

Observations and results from the “hiss recorder,” an in- 
strument to continuously observe the VLF emissions. J. M. 


Watts, J. A. Koch, and R. M. Gallet. 


Nonperiodicals 


Tensile and impact properties of selected materials from 20 
to 300 °K, K. A. Warren and R. P. Reed, NBS Mono. 63 
(June 28, 1963) , 35 cents. 
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Impedance of commercial Leclanché dry cells and batterie , 
R. J. Brodd and H. J. Dewane, NBS Tech. Note 190 (July 
1963), 40 cents. 

Calculations of the potential and effective diffusion constant 
a polyelectrolyte solution, S. R. Coriell and J. L. Jackso , 
NBS Tech. Note 192 (June 28, 1963), 25 cents. 

A bibliography of foreign developments in machine trans]..- 
tion and information processing, J. L. Walkowicz, NBS Tec!.. 
Note 193 (July 10, 1963) , $1.00. 


Publications in Other Journals 


This column lists all publications by the NBS staff, as soon 
after issuance as practical. For completeness, earlier refer- 
ences not previously reported may be included from time to 
time. 


Comment on “Parametric behavior of an ideal two-frequency 
varactor,” G. F. Montgomery, Proc. IEEE 51, No. 3, 491 
(Mar. 1963). 

Distribution of latitude of red arcs, E. Marovich and F. E. 
Roach, J. Geophys. Res. 68, No. 7, 1885-1888 (Apr. 1, 
1963). 

United States participation in international standardization, 
A. T. McPherson, Mater. Res. Std. 3, No. 4, 310-311 (Apr. 
1963). 

Instability of the equatorial F layer after sunset, W. Calvert, J. 
Geophys. Res. 68, 2591-2593 (May 1, 1963). 

A simple environmental chamber for rotating beam fatigue 
testing machines, J. A. Bennett, Mater. Res. Std. 3, No. 6, 
480-482 (June 1963). 

Standard potential of the silver-silver chloride electrode and 
activity coefficients of hydrochloric acid in aqueous methanol 
(33.4 wt. %) with and without added sodium chloride at 
25°, R. G. Bates and D. Rosenthal, J. Phys. Chem. 67, 1088- 
1090 (1963). 

International standardization. A new responsibility of the engi- 
neer, A. T. McPherson, Natl. Acad. Sci—Natl. Res. Council 
Div. of Eng. and Ind. Res. Newsletter, No. 26, 2-4 (June 1, 
1963). 

Path antenna gain and comments on “Properties of 400 Mc/s 
long-distance tropospheric circuits,’ W. J. Hartman, Proc. 
IEEE 51, 847-848 (May 1963). 

Absorption and scattering of photons by deformed nuclei, E. G. 
Fuller, Proc. 2d All-Union Conf. Nuclear Reactions at Low 
and Intermediate Energies, p. 419, 1960 (Russian Acad. Sci., 
U.S.S.R., 1962). 

Microwave spectrum of tertiary butyl chloride, A. Comparison 
of tertiary butyl structures, D. R. Lide, Jr., and ™M. Jen. J. 
Chem. Phys. 38, No. 7, 1504-1507 (Apr. 1, 1963). 

Search for a slow component in alpha ionization, Z. Bay and 
R. M. Pearlstein, Phys. Rev. 130, No. 1, 223-227 (Apr. 1963). 

Evidence regarding the mechanism of fatigue from studies of 
environmental effects, J. A. Bennett, Acta Met. 11, No. 7, 
799-800 (July 1963). 

Dielectric friction on a rotating dipole, R. Zwanzig, J. Chem. 
Phys. 38, No. 7, 1605-1606 (Apr. 1, 1963). 

Field-aligned E-region irregularities identified with acoustic 
plasma waves, K. L. Bowles, B. B. Balsley, and R. Cohen, J. 
Geophys. Res. 68, 2485-2501 (May 1, 1963). 

The association of plane-wave electron-density irregularities 
with the equatorial electrojet, R. Cohen and K. L. Bowles, 
J. Geophys. Res. 68, 2603-2611 (May 1, 1963). 

Calorimetric calibration of the electrical energy measurement in 
an exploding wire experiment, D. H. Tsai and J. H. Park, 
Exploding Wires 2, 27-107 (Plenum Press, Inc., New York, 
N.Y., 1962). 

Quasi- equilibrium theory of mass spectra, H. M. Rosenstock 
and M. Krauss, Book, Mass Spectrometry of Organic Ions, 
pp. 1-64 (Academic Press, Inc., New York, N.Y., 1963). 

Determination of differential X-ray photon flux and total beam 
energy, J. S. Pruitt and H. W. Koch, Book, Nuclear Physics 5, 
Ch. 2. 8.2, Pt. B, 508-553, eds. L. C. L. Yuan and C. Wu 
(Academic Press, Inc., New York, N.Y., 1963). 
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ex to the communications of the ACM, 1958-1962, W. J. 

ouden, Comm. ACM 6, No. 3, 1-32 (Mar. 1963). 

E| ctrode potentials in fused systems. VI. Membrane poten- 
ials, K. H. Stern, Phys. Chem. 67, 893-895 (1963). 

Electron spin resonance spectra of aged, y-irradiated poly- 
tyrenes, R. E. Florin, L. A. Wall, and D. W. Brown, J. Poly- 
ier Sci. Pt. A. 1, 1521-1529 (1963). 

Magnetic properties of acetinide element alloys and compounds, 
_ C. Eisenstein, Book, Landolt-Bornstein, 6th ed. 2, Pt. 9, 
. 3.236 (Springer-Velag, Berlin, Germany, 1962). 

Planar twin boundary in aluminum, T. H. Orem, Trans Met. 
soc. AIME 227, 786-788 (June 1963). 

Radio noise anomalies in August 1958, C. A. Samson, J. 
eophys. Res. 68, 2719-2726 (May 1, 1963). 

Optical studies of the formation and breakdown of passive films 
formed on iron single crystal surfaces in inorganic inhibitor 
olutions, J. Kruger, J. Electrochem. Soc. 110, No. 6, 654— 
663 (June 1963). 

The importance of environment in fatigue failure of metals, 
j. A. Bennett, W. L. Holshouser, and H. P. Utech, Book, 
Fatigue of Aircraft Structures, pp. 1-18 (Pergamon Press, 
Inc., London, England, 1963). 

Production of Lyman alpha radiation in ion-atom collisions, 
G. H. Dunn, R. Geballe, and D. Pretzer, Phys. Rev. 128, No. 
5, 2200-2206 (Dec. 1, 1962). 

Microwave spectrum of aluminum monofluoride, D. R. Lide, Jr., 
J. Chem. Phys. 38, No. 8, 2027 (Apr. 15, 1963). 

Some limits on the effect of coronal self-emission upon the 
excitation state of coronal ions, R. N. Thomas and C. Pecker, 
Astrophys. J. 137, No. 3, 967-980 (1962). 

Oil baths for saturated standard cells, P. H. Lowrie, Jr., ISA 
J. 9, No. 12, 47-50 (Dec. 1962). 

Two-stream plasma instability as a source of irregularities in 
the ionosphere, D. T. Farley, Jr., Phys. Rev. Letters 10, No. 7, 
279-282 (Apr. 1, 1963). 

Performance of the barium fluoride film hygrometer element on 
radiosonde flights, F. E. Jones, J. Geophys. Res. 68, No. 9, 
2735-2751 (May 1, 1963). 

Radiation induced polymerization of propylene at high pres- 
sure, D. W. Brown and L. A. Wall, J. Phys. Chem. 67, 
1016-1019 (1963). 

Dielectric friction on a moving ion, R. Zwanzig, J. Chem. Phys. 
38, No. 7, 1603-1605 (Apr. 1, 1963). 

Survey of Rb*/Rb™ ratios in minerals, W. R. Shields, E. L. 
Garner, C. E. Hedge, and S. S. Goldich, J. Geophys. Res. 68, 
No. 8, 2331-2334 (Apr. 15, 1963). 

Dissociation constant of pyrolidinium ion and related thermo- 
dynamic quantities from 0 to 50°, H. B. Hetzer, R. G. Bates, 
and R. A. Robinson, J. Phys. Chem. 67, 1124-1127 (1963). 

Introduction to the International Symposium on Equatorial 
Aeronomy, R. Cohen and K. L. Bowles, J. Geophys. Res. 68, 
2359-2361 (May 1, 1963). 

Interference fringes with long path difference using He-Ne 
laser, T. Morokuma, K. F. Nefflen, T. R. Lawrence, and T. M. 
Klucher, J. Opt. Soc. Am. 53, No. 3, 394-395 (Mar. 1963). 

Hydrogen retention system for pressure calibration of micro- 
phones in small couplers, W. Koidan, J. Acoust. Soc. Am. 35, 
No. 4, 614 (Apr. 1963). 

Numerical computation of time-dependent properties of iso- 
topically disordered one-dimensional harmonic crystal lattices, 
R. J. Rubin, J. Phys. Soc. Japan 18, Suppl. IT, 63-69 (1963). 

The National Bureau of Standards: Where measurement is the 
central theme, C. S. McCamy, Ind. Phot. 11, No. 8, 28 (Aug. 
1962). 

Statistical computation of configuration and free volume of a 
polymer molecule with solvent interaction, J. Mazur and L. 


Joseph, J. Chem. Phys. 38, No. 6, 1292-1300 (Mar. 15, 1963). 


\ comparison of two independent atomic time scales, J. New- 
man, L. Fay, and W. R. Atkinson, Proc. IEEE 51, No. 3, 498 
199 (Mar. 1963). 

Symmetry conditions for internal friction caused by jumping 
of point defects in crystals, J. B. Wachtman, Jr., and H. S. 
Peiser, J. Appl. Phys. Letter 1, No. 1, 20-22 (Sept. 1962). 

Change in occlusion of complete dentures caused by a pipe 

habit: a case report, J. B. Woefel and G. C. Paffenbarger, 

J. Am. Dental Assoc. 66, No. 4, 478-485 (Apr. 1963). 
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Measurement of a maximum in the isothermal crystallization 
rate-temperature curve for polypentene-l, F. A. Quinn, Jr., 
and J. Powers, Polymer Letters (J. Polymer Sci., Pt. B) 1, 
No. 7, 341-344 (July 1963). 

Pressure induced shifts of infrared lines due to polar molecules, 
E. K. Plyler, M. A. Hirshfield, and J. H. Jaffe, J. Chem. Phys. 
38, No. 1, 257-258 (Jan. 1963). 

The maximum number of zeroes in the powers of an undecom- 
posable matrix, M. Marcus and F. May, Duke Math. J. 29, 
No. 4, 581-588 (Dec. 1962). 

Radio spectrum of SH, H. E. Radford and M. Linzer, Phys. 
Rev. Letters 10, No. 10, 443-444 (May 15, 1963). 

Electrophoretic deposits of barium titanate, V. A. Lamb and 
H. I. Salmon, J. Am. Ceram. Bull. 41, No. 11, 781 (1962). 

Measurement of the lattice constants of neon isotopes in the 
temperature range 4°-24°K, L. H. Bolz and F. A. Mauer, 
Proc. 11th Annual Conf. Applications of X-ray Analysis, 
Denver Res. Inst. (Plenum Press, Inc., New York, N.Y., 
1962). 

Thermodynamic properties of gases, J. Hilsenrath, Am. Inst. 
Phys. Handb. 2d ed., Sec. 4h, 101-157 (1963). 

The decoration of dislocations in aluminum oxide, H. E. Bond 
and K. B. Harvey, J. Appl. Phys. 34, No. 2, 440-441 (Feb. 
1963). 

The effect of geomagnetic crochet on cosmic ray intensity, C. S. 
Warwick, J. Geophys. Res. 68, No. 10, 3303-3304 (May 15, 
1963). 

Design of an interferometric oil manometer for vacuum 
measurement, A. M. Thomas, D. P. Johnson, and J. W. Little, 
1962 Trans. Ninth Natl. Vacuum Symp., Am. Vacuum Soc., 
pp. 468-473 (1962). 

Absorption bands of carbon dioxide from 5.3 to 4.6 microns, 
A. Maki, E. K. Plyler, and R. J. Thibault, J. Chem. Phys. 37, 
No. 8, 1899-1900 (Aug. 1962). 

Packing inequalities for circles, P. J. Davis, Michigan Math. 
J. 10, 25-31 (1963). 

Lower bounds to eigenvalues using operator decompositions of 
the form B*B, N. W. Bazley and D. W. Fox, Arch. Rat. Mech. 
Anal. 10, 352 (1962). 

Transference numbers in pure molten sodium nitrate, R. J. 
Labrie and V. A. Lamb, J. Electrochem. Soc. 110, No. 7, 810 
814 (July 1963). 

Unstable detonation near a hypervelocity missile, F. W. Ruegg 
and W. W. Dorsey, Ninth Symp. Intern. Combustion, pp. 
476-477 (1963). 
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